Objective: The purpose of this study was to characterize the central and peripheral refraction across the horizontal meridian of the visual field before and after myopic corneal refractive therapy (CRT) with contact lenses.
Introduction
Myopia affects approximately 25% of the World population and has become a public health concern due to the socioeconomic impact and to the risk of vision loss related to other comorbidities. 1 For these reasons there is great interest in solutions to prevent myopia onset and progression. However, such approaches will need to be based on the mechanisms involved to try to interfere with them in a desirable way.
Different etiological factors have been proposed for myopia onset and progression, such as an increase in intraocular pressure, 2 anomalous accommodative activity 3 and defocus of the retinal image. 4 Depending on the implicated mechanism, different clinical approaches have been developed including the use of drugs to lower IOP 5 , relaxation of accommodation with atropine 6 or pirenzepine, Given the lack of effect on axial elongation of conventional geometry lenses, 11 the most promising approach involving contact lenses for slowing myopia progression consists of myopia correction with reverse geometry contact lenses for corneal reshaping. Several studies have shown lower annual increase of vitreous chamber depth and myopia progression in children wearing these lenses when compared with groups wearing spectacle lenses, 12 soft contact lenses. 13 The hypothesized reason for corneal reshaping interfering with the ocular growth pattern is that it induces a myopic change in relative peripheral refractive error (RPRE) while the central refraction is fully corrected. According to this theory, the myopic RPRE following CRT prevents the hyperopic RPRE usually present in the myopic eye from acting as a stimulus for ocular growth, as has been suggested in animal models. [14] [15] [16] Bakaraju et al. have suggested that the risk for myopia progression could be higher in axial myopias compared to refractive ones according to their peripheral refractive pattern. 17 Despite these findings, the characterization of peripheral refraction after corneal reshaping has only been addressed by a limited number of studies. 18 In the work of Charman et al., the authors showed for the first time the actual changes in off-axis refraction induced by ortho-k treatment. Furthermore, new studies are evaluating the impact of the treatment in off-axis aberrations confirming that orthokeratology increases the aberrations when measured with eccentric fixation. 19 Another study conducted in our group showed that corneal first surface aberration increases exponentially after orthokeratology with the increase in pupil size (Queiros et al, submitted for publication). In this study we report clinical data for the peripheral refraction after corneal reshaping in eyes whose original refractions covered most of the range currently approved by the FDA for this treatment and using a different lens design than that used in the study conducted by Charman and coworkers. 18 In addition, the present study shows a statistical approach to evaluate the symmetry of refractive profiles to both sides of the peripheral visual field across the horizontal meridian.
Methods

Subjects and inclusion criteria
Measurements were made on twenty-eight right eyes of 28 university students with a mean age of 24,6±6,3 years (ranging from 20 to 41), of which 11 were female (39,3%) and 17 were male (60,7%). Total preoperative spherical equivalent obtained with subjective refraction was -1,95±1,27D (from -0,88 to -5,25D). After explaining the nature of the study, each patient signed a consent form before being enrolled. The research followed the tenets of the Declaration of Helsinki and was reviewed and approved by the Scientific Committee of the School of Sciences of Minho University (Portugal). The inclusion criteria required that the subjects did not suffer from any current eye disease or injury and were not taking any ocular or systemic medication.
Subjective non-cycloplegic refraction was performed monocularly. The criteria of maximum plus for best visual acuity was used to arrive to the end point of refraction. The intraocular pressure was checked with a non-contact tonometer before and after treatment (Nidek Model NT-4000, noncontact tonometer).
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Peripheral Refraction
The measurement of central and peripheral refraction was obtained with the open-field Grand Seiko Auto-Refractometer/Keratometer WAM-5500 (Grand Seiko Co., Ltd., Hiroshima, Japan). The instrument has been previously used and validated to measure refraction in the central 21 and peripheral retina. 22 The system was attached to software created to automatically record data from the autorefractometer thus avoiding errors in data collection and allowing data to 
Corneal refractive therapy lens characteristics
Paragon CRT TM (paflufocon D, Dk=100 barrer) sigmoid reverse geometry rigid gas permeable lenses were used (Paragon Vision Sciences, Mesa, AZ, USA). Trial lenses were derived from sliding table nomograms provided by the manufacturer and which have shown high levels of predictability in terms of first trial success. (RZD=530,88±18,52μm [500;575 μm]) and landing zone angle: (LZA=32,85±0,66 degrees [31,00;34,00 degrees]). These refer to the final parameters of lenses worn by patients, not necessary the first trial lenses. The number of changes in fitting parameters to achieve the final optimal fitting is well in agreement with previous results obtained in a larger sample size by us using the same lens fitting set. 24 A minimum treatment period of one month was required to guarantee that the treatment was completely stable. 25 The time between pre and post treatment measures was 37,0±3,0 days.
During that period, lenses were worn overnight for 7,82±1,02 hours. After the first night of treatment where the patients attended the clinic wearing their lenses, they were asked to insert the lenses ten minutes before sleep along with a drop of artificial tear. The patients removed the lenses within ten minutes after waking-up in the following morning after applying again a drop of artificial tear solution. The measurements were performed between 9:00 and 11:00, A.M. and at least 2 hours after lens removal to minimize the influence of treatment regression 26 and diurnal variations in corneal thickness that might potentially influence anterior corneal topography.
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Statistical analysis
The SPSS software package v.17 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Kolmogorov-Smirnov Test was applied in order to evaluate the normality of the data distribution. When normality could not be assumed, the Wilcoxon Signed Ranks Test was used for paired comparison post and pretreatment and Paired Samples t-Test was used when normality could be assumed for pair comparisons between treatments. For statistical purposes, a p value lower than 0,05 was considered statistically significant. Table 1 Regarding changes in J0 component, all points except central ones (15º nasal to 5º temporal) showed statistically significant differences when compared with changes in axial refraction. 
Results
Discussion
Corneal reshaping with contact lenses has experienced a rebirth in recent years motivated by the development of high permeability to oxygen materials and the advances in the contact lens designs. 12, [29] [30] [31] At the same time, the interest in CRT was renewed as one of the most promising techniques to reduce the progression of myopia, particularly by suggestions that it can slow myopia progression in children. 12, 32 This reduction would be caused by the alteration of power distribution temporal visual field and beyond this point this component remains myopic, particularly due to the increase in cylinder (with minus sign).
A previous study has shown that this can be accomplished with orthokeratology in a limited sample of patients 18 and a single design or lens. This is now confirmed in a much larger patient group whose original refractions cover almost the entire range of application of ortho-K( up to -6,00D), and using a different design of FDA-approved lens.
The symmetry achieved in the refractive pattern relative to the center of the visual field is noteworthy. This reflects the good centration and predictability achieved with modern orthokeratology lenses 24 as we have already showed in the topographic analysis of changes in curvature profiles after same treatments. Another interesting outcome is that as regression lines showed in figure 3 , for 30º and 35º, the amount of myopia induced in terms of spherical equivalent has an almost 1:1 relationship with the amount of baseline spherical equivalent refraction to be corrected.
In summary, considering manifest refraction in clinical notation, changes in sphere component cover the whole visual field, except for the most peripheral locations at 35º in each side of the visual field; conversely, cylinder remained unchanged at the center of the visual field, but increased 
